Uncontrolled proliferation is a hallmark of cancer. In breast cancer, immunohistochemical assessment of the proportion of cells staining for the nuclear antigen Ki67 has become the most widely used method for comparing proliferation between tumor samples. Potential uses include prognosis, prediction of relative responsiveness or resistance to chemotherapy or endocrine therapy, estimation of residual risk in patients on standard therapy and as a dynamic biomarker of treatment efficacy in samples taken before, during, and after neoadjuvant therapy, particularly neoadjuvant endocrine therapy. Increasingly, Ki67 is measured in these scenarios for clinical research, including as a primary efficacy endpoint for clinical trials, and sometimes for clinical management. At present, the enormous variation in analytical practice markedly limits the value of Ki67 in each of these contexts. On March 12, 2010, an international panel of investigators with substantial expertise in the assessment of Ki67 and in the development of biomarker guidelines was convened in London by the cochairs of the Breast International Group and North American Breast Cancer Group Biomarker Working Party to consider evidence for potential applications. Comprehensive recommendations on preanalytical and analytical assessment, and interpretation and scoring of Ki67 were formulated based on current evidence. These recommendations are geared toward achieving a harmonized methodology, create greater between-laboratory and between-study comparability, and allow earlier valid applications of this marker in clinical practice.
Uncontrolled proliferation is a hallmark of malignancy and may be assessed by a variety of methods, including counting mitotic figures in stained tissue sections, incorporation of labeled nucleotides into DNA, and flow cytometric evaluation of the fraction of the cells in S phase (1) (2) (3) . The most widely practiced measurement involves the immunohistochemical (IHC) assessment of Ki67 antigen (also known as antigen identified by monoclonal antibody [MKI67]), a nuclear marker expressed in all phases of the cell cycle other than the G 0 phase (4) . In spite of consistent data on Ki67 as a prognostic marker in early breast cancer, its role in breast cancer management remains uncertain (5) . As shown by Urruticoechea et al. (6) , 17 of the 18 studies that included more than 200 patients showed statistically significant association between Ki67 and prognosis providing compelling evidence for a biological relationship, but the cutoffs to distinguish "Ki67 high" from "Ki67 low" varied from 1% to 28.6%, thereby severely limiting its clinical utility.
On March 12, 2010 , investigators representing translational research efforts from many of the cooperative breast cancer groups in both North America and Europe were convened by Dr Dowsett and Dr Hayes, respective cochairs of the Breast International Group and North American Breast Cancer Group Biomarker Working Party, at the Breakthrough Breast Cancer Research Centre (London) to review the present state of the art of Ki67 evaluation and its potential utility. These investigators, designated the "International Ki67 in Breast Cancer Working Group," agreed that Ki67 measurement by IHC was the current assay of choice for measuring and monitoring tumor proliferation in standard pathology specimens. However, they recognized the poor agreement on the precise clinical uses of Ki67 and the substantial heterogeneity and variable levels of validity in methods of assessment.
In this study, the International Ki67 in Breast Cancer Working Group proposed guidelines for the analysis, reporting, and use of Ki67 that should reduce interlaboratory variability and improve interstudy comparability of Ki67 results. Some issues cannot be fully resolved at this stage because of limited evidence to make a firm recommendation. Nonetheless, following this guidance should enable improved comparison and pooling of data and more rapid establishment or rejection of the utility of Ki67 in breast cancer management.
The goals of this study were 1) to provide an account of the substantive data that have identified a potentially valuable clinical role for Ki67 measurement; this is reported in a concise manner because of the availability of a recent detailed review (5); 2) to consider the methodological variables that influence the measurement of Ki67 and often result in lack of analytical validity; and 3) to offer guidelines, based on current evidence, that should allow harmonization of methodology and, we hope, lead to the definition of the clinical utility of this potentially important marker.
Adjuvant Therapy
Prognostic Role of Ki67. Many studies have demonstrated the prognostic value of Ki67 (5); however, almost all studies are retrospective, and many include heterogeneous groups of patients who were treated and followed in various ways that are often incompletely documented. Furthermore, the assays for Ki67 were performed with different methods, and cutoffs to designate "positive" and "negative" or "high" and "low" Ki67 populations differ widely. As a result, the American Society of Clinical Oncology (ASCO) Tumor Marker Guidelines Committee determined that the evidence supporting the clinical utility of Ki67 was insufficient to recommend routine use of this marker for prognosis in patients with newly diagnosed breast cancer (7) .
The clinical utility of Ki67 as a prognostic marker might be more apparent if it were considered within more narrowly defined tumor subgroups and/or as part of a multiparameter panel of biomarkers. For example, investigators have generated an IHC-based assay of four markers, designated IHC4, which consists of estrogen receptor (ER), progesterone receptor (PgR), HER2, and Ki67 (8) . Other investigators have reported that Ki67 is an important part of a prognostic algorithm for residual risk in early breast cancer patients treated with letrozole or tamoxifen (9) . These results require further analytical and clinical validation before widespread application.
Predictive Role of Ki67. Penault-Llorca et al. (10) recently reported that high levels of Ki67 were predictive of benefit from adding docetaxel to fluorouracil and epirubicin chemotherapy as adjuvant treatment for patients with ER-positive tumors in the PACS01 randomized trial. Similar results were seen in the Breast Cancer International Research Group 001 trial (11) . The results contrast, however, with those from International Breast Cancer Study Group Trials VIII and IX that found no predictive value of Ki67 levels for the addition of cyclophosphamide, methotrexate, and fluorouracil to endocrine therapy in endocrine-responsive node-negative disease (12) . Thus, the data on the identification of patients benefiting from chemotherapy require confirmation before the use of Ki67 reaches clinical utility.
There are fewer data to suggest that Ki67 predicts adjuvant chemotherapy response in ER-negative tumors. Some studies of preoperative chemotherapy, and a few studies of classic adjuvant therapy, strongly suggest that ER-negative tumors as a group are much more responsive to chemotherapy than ER-positive tumors (13, 14) . Although not confirmed, a straightforward hypothesis is that the higher chemotherapy sensitivity observed in patients with ER-negative tumors is because of the consistently higher rates of proliferation of these tumors. If so, Ki67 levels may be helpful to identify those patients most likely to benefit from chemotherapy (15) .
Neoadjuvant Therapy and Pharmacodynamic Role of Ki67
Background of Neoadjuvant Systemic Therapy. The administration of systemic therapy before surgery, otherwise designated neoadjuvant or preoperative therapy, offers improvements in surgical outcomes and the opportunity to assess the response of the primary tumor using clinical, biochemical, or molecular markers of benefit. Because of its well-established role in downstaging disease before surgery, systemic therapy has become a favored clinical trial scenario for the evaluation of novel therapies.
Neoadjuvant Endocrine Treatment. In the case of chemotherapy, demonstration of pathological complete response is a validated predictor of disease-free and overall survival. As detailed below, emerging evidence suggests that Ki67 measurement can have several valuable roles (Figure 1 ).
Ki67 as an End-of-Neoadjuvant-Treatment Endpoint. The strongest evidence to support Ki67 as the primary endpoint of neoadjuvant endocrine comparisons is derived from two trialsthe Immediate Preoperative Anastrozole, Tamoxifen, or Combined with Tamoxifen (IMPACT) study, comparing neoadjuvant anastrozole vs tamoxifen vs combination of anastrozole and tamoxifen (16) , and the P024 study of neoadjuvant letrozole vs tamoxifen (17) . In each study, the difference in the degree of Ki67 suppression between the study arms mirrored the difference in recurrence in equivalent large adjuvant trials, Arimidex, Tamoxifen Alone or Combined (ATAC) trial and Breast International Group (BIG) 1-98 trial, respectively (18, 19) . Similar data have emerged from the neoadjuvant study American College of Surgeons Oncology Group (ACOSOG) Z1031 (20) showing no difference in Ki67 suppression between exemestane and anastrozole, which is in agreement with the results of the MA.27 trial where similar rates of disease-free survival were observed in patients treated with the same agents as adjuvant therapy (21) .
Based on these results, and similar observations with Ki67 measured after 2 weeks of endocrine treatment (described below), Ki67 has been used as a primary endpoint in several short-term, "window-of-opportunity" presurgical studies, mainly, but not exclusively, of endocrine treatment (22) (23) (24) . In addition, in one therapeutic neoadjuvant trial that tested the activity of gefitinib when added to anastrozole (25) , Ki67 was chosen to be the primary endpoint, replacing the conventional clinical endpoint of tumor shrinkage. This trial showed no benefit from gefitinib for either Ki67 or clinical response, contributing to the decision not to proceed to test the combination in phase III clinical trials in patients with early breast cancer.
In the P024 study (17) , after 4 months of neoadjuvant endocrine therapy with either letrozole or tamoxifen, the authors observed that Ki67, pathological tumor size, node status, and ER status were independently associated with recurrence-free and overall survival. A Preoperative Endocrine Prognostic Index (PEPI) derived from a combination of these factors was validated as predictive of long-term outcome in an independent dataset from the IMPACT trial (26) . As shown by Ellis et al. (26) , the PEPI identifies a group of patients at the end of neoadjuvant endocrine therapy with such extremely low risk of recurrence on endocrine therapy alone that they might be spared additional chemotherapy. These authors have suggested that high PEPI scores identify those who most likely should receive chemotherapy, given that their tumors are relatively resistant to endocrine treatment.
Ki67 as a Pharmacodynamic Intermediate Endpoint. Absence of a decrease in Ki67 early in treatment might be predictive of therapeutic failure. For example, in the IMPACT trial (16), the value of Ki67 after 2 weeks of endocrine therapy had a stronger association with time to recurrence compared with pretreatment Ki67 level; moreover, association between pretreatment Ki67 level and time to recurrence was not statistically significant in a multivariable model that included both the pretreatment and 2-week Ki67 values (27) . Given that the 2-week value results from the pretreatment value, which has prognostic importance, and the change over 2 weeks, which has predictive importance, this observation suggests that the 2-week value integrates both these effects and thereby provides an index of the residual risk after endocrine therapy. The possible advantage of measuring 2-week Ki67 instead of pretreatment Ki67 is under evaluation in the 4000-patient Peri-Operative Endocrine Therapy for Individualizing Care (POETIC) window-of-opportunity study (28) .
Using tumor samples accrued from a phase II neoadjuvant trial with letrozole (29), Ellis et al. (26) identified a group of patients in whom the proportion of tumor cells positive for Ki67 was 10% or greater after 4 weeks. As predicted from this relatively high ontreatment value, these patients were very unlikely to be in the PEPI zero category (defined by pathological tumor size ≤5 cm, node negative, Ki67 ≤2.7%, and ER >2 Allred score after endocrine treatment) for which treatment without chemotherapy could be considered. Taken together with the previously published results (26, 27) , these data suggest that Ki67 evaluation at an early time point can be used to triage ER-positive patients away from neoadjuvant endocrine therapy to neoadjuvant chemotherapy. These investigators are prospectively validating this finding in an extension of the Z1031 trial (cohort b; trial registration number NCT00265759).
Ki67 as an Eligibility Criterion for Neoadjuvant Trials. One main objective of many neoadjuvant trials is to provide evidence of activity of a new therapeutic agent. If Ki67 reduction is to be used as a pharmacodynamic or primary endpoint, then patients whose tumors have relatively low Ki67 at diagnosis are unlikely to be informative because they have little potential to be suppressed. It is also unlikely that such patients could benefit from additional therapy, even if it were predicted to work, because of their excellent prognosis. Proposals have therefore emerged that these patients should be excluded from such trials.
Neoadjuvant Chemotherapy. Currently, the value of Ki67 during neoadjuvant chemotherapy is less obvious than with neoadjuvant endocrine therapy. Reductions in Ki67 occur in the tumors of most patients receiving neoadjuvant chemotherapy, and there is some evidence that there are greater reductions in patients who respond to treatment (30) . A recent study also reported that in patients not having a pathological complete response, Ki67 levels in the residual tumor were strongly associated with outcome (31) . This approach is therefore attractive for identifying patients for trials of additional adjuvant therapy after neoadjuvant chemotherapy; such patients stand to benefit most from added therapy, and the high event rate should provide a rapid result.
Methodological Issues in Ki67 Measurement: Analytical Validity
The above scenarios highlighting areas in which Ki67 measurement may well have clinical utility prompt a need for reproducible methodology and consistent scoring methods; in other words, the analytical validity, as defined by Evaluation of Genomic Applications in Practice and Prevention (EGAPP) (32), needs to be standardized.
Ki67 measurement by IHC has been adopted by many groups because of its particularly favorable biological expression patterns and analytical robustness relative to other biomarkers detected by IHC assays. Nevertheless, there are many steps that introduce variability in the results of these assays. We provide guidance on preferred methodologies to minimize the variability and recommend specific actions to harmonize Ki67 scoring and reporting.
Preanalytical Validity
Several preanalytical issues might adversely affect Ki67 measurement. These include type of biopsy, time to fixative, type of fixative, time in fixative, and how the specimen is stored long term (Table 1 ). Data from two recent studies (33, 34) suggest that, in general, Ki67 has better tolerance of typical preanalytical variability than most breast cancer IHC assays. For example, in one of these studies (33) , Ki67 staining in core-cut biopsies performed on fresh surgical excisions did not vary over 20-80 minutes delay in fixation nor from measurements of whole sections from the same resection specimen. However, differences in the appearance of stained nuclei were frequently apparent in these studies: the more rapidly fixed core-cuts consistently showed well-circumscribed uniformly staining nuclei, whereas nuclei in whole sections often showed areas of highly variable staining (Figure 2 ). The difference in nuclear integrity between the two staining methods is clear in this figure. This variability did not disrupt the scores derived by visual assessment but can be difficult to deal with in digital image analysis procedures.
Several studies including a systematic interlaboratory and interobserver reproducibility study for IHC assessment of Ki67 found that the following preanalytical factors decrease Ki67 labeling index and should therefore be avoided (35) : overnight delay before fixation, freezing the specimen for frozen section analysis before fixation, use of ethanol or Bouin solution rather than neutral buffered formalin fixation, and use of EDTA or acid decalcification protocols (35, 36) .
Fixation with neutral buffered formalin for 4-48 hours has been shown to be adequate (37) , and fixation even for 154 days was reported to not reduce Ki67 staining substantially (38) . Thus, when tissue is fixed in neutral buffered formalin, IHC for Ki67 is robust across a wide range of fixation times. Tissue handling guidelines that are already in place for ER (8-72 hours of neutral buffered formalin fixation) are therefore more than adequate for Ki67 (39, 40) .
Once tissue is properly fixed and embedded in paraffin, antigenicity is well preserved, potentially for decades (41, 42) . However, there is a documented loss of Ki67 immunoreactivity if blocks are cut and sections are stored on glass slides exposed to room air for 3 months or longer (43) . Paraffin coating of the slide and/or storage under nitrogen desiccation appears to protect only marginally against loss of antigenicity. Typical room temperature and air storage for up to 2 weeks, however, has no perceptible impact on Ki67 positivity (T. Nielsen, unpublished data).
Analytical Validity
The detailed characteristics of assays for Ki67 are critical to their results. The original Ki67 antibody was applicable for IHC only in fresh frozen material. Later, with the development of heat-induced epitope retrieval methodologies, mouse monoclonal antibodies were developed with robust and reproducible results in formalinfixed paraffin-embedded sections. The most commonly used mouse anti-human Ki67 monoclonal antibody, MIB1 clone (42), has the especially favorable property of detecting an epitope motif unique to Ki67 (ensuring specificity) that is repeated 16 times in the protein (enhancing sensitivity) (44) . A related advantageous property of MIB1 as a reagent for IHC is its consistent and much better performance across a wide range of antibody dilution and conditions (45) compared with other proliferation markers such as proliferating cell nuclear antigen (PCNA). Although Ki67 IHC is tolerant to a variety of epitope retrieval protocols, protease and low pH methods should be avoided (46) . Given the long and highly validated track record for monoclonal antibody MIB1, we recommend it be considered a "gold standard" against which other antibodies or methods of proliferation analysis should be compared. However, other anti-Ki67 antibodies have been reported which may provide additional incremental advantages. For example, the rabbit anti-human Ki67 monoclonal antibody SP6 (which recognizes the same repeated Ki67 epitope as MIB1) may provide further improvements in sensitivity (47) and in quantitative image analysis (48) , and this reagent has been used successfully in several recent studies (49, 50) .
Chromogen development and counterstaining for Ki67 IHC appear no different than for other antibody-antigen systems. The chromogenic staining is normally very clear, but the degree of counterstaining is important to optimize, given that negative nuclei determine the overall population for calculating the proportion of Ki67-positive cells. Weak counterstaining can result in overestimation of the Ki67 index (51) .
Interpretation of Ki67 Staining and Scoring
Ki67 is a nuclear protein. Cytoplasmic staining and occasionally membrane staining of Ki67 can occur with MIB1 antibody, especially in breast cancer showing squamous metaplastic changes (52).
Attention to preanalytical protocols and/or use of SP6 antibody may decrease this extraneous staining to some extent, but when present they should be ignored while creating a Ki67 score. Only nuclear staining (plus mitotic figures which are stained by Ki67) should be incorporated into the Ki67 score that is defined as the percentage of positively stained cells among the total number of malignant cells scored. As with other IHC stains, it is helpful to have internal positive controls: mitotic figures, normal ducts, and lymphocytes as well as, to a lesser extent, endothelial cells and stromal cells serve for this purpose.
If the staining is homogenous, the recommendation is to count at least three randomly selected high-power (×40 objective) fields. However, biological heterogeneity of Ki67 staining can occur across specimens, and the location and extent of the area of the cancer that should be scored is controversial. Two types of heterogeneity are prominent: a gradient of increasing staining toward the tumor edge and hot spots. For the former, three fields should be scored at the periphery of the tumor because the invasive edge is widely considered to be the most biologically active part of the tumor and is most likely to drive outcome of the disease. An exception to this recommendation is, if comparisons are to be made between Ki67 staining on whole sections with those from corecuts, for example, core cuts taken in presurgical studies. Preferably core cuts taken at surgery would be used for such comparisons, but if this is not possible, then scoring of the excision should involve fields from across the whole tumor and not just the periphery.
Hot spots, defined as areas in which Ki67 staining is particularly prevalent, may occur in an otherwise homogeneously stained sample (Figure 3) . The Ki67 score would be approximately 30% for the circled area on the left and approximately 90% for the circled area on the right in this figure. The approach to scoring hot spots varies across studies; some investigators have focused in particular on the analysis of hot spots, others have included hot spots in a general assessment of Ki67 across the section, and yet others have recommended avoiding them altogether. This issue needs clarification, and a working party of the International Ki67 in Breast Cancer Working Group has been established to assess which method is more robust. In the meantime, for the purposes of consistency, when hot spots are present, an approach that assesses the whole section and records the overall average score is recommended.
Mostly, between 500 and 2000 tumor cells have been scored in published studies. Core-cut biopsies are most frequently used for diagnostics these days (as recommended by ASCO/College of American Pathologists [CAP] for ER and PgR) (39, 40) and for research studies in which Ki67 acts as a dynamic marker; all the invasive tumor cells can be scored in such samples. However, where scoring all cells is impractical, to achieve adequate precision, we recommend the interpreting pathologist scores at least 1000 cells and that 500 cells be accepted as the absolute minimum. These cell numbers should be scored in fields that are seen to be representative on an initial overview of the whole section.
Tissue microarrays (TMAs) are an increasingly popular and influential resource for assessing the relationship of biomarkers, including Ki67, with outcome in large phase III clinical trials or epidemiological studies. There are no published systematic comparisons of the assessment of Ki67 on TMAs vs whole sections in breast cancer, but there is anecdotal evidence that scores are generally lower on TMAs. Until data assessing the relationship between TMA scores and clinical samples are published, Ki67 studies in TMAs should not be used for setting quantitative relationships or establishing cutoffs for clinical application on other types of samples.
Most data in the literature are derived from visual scoring, which may be aided by the use of a grid. Digital imaging may be helpful, but because all stained malignant cells are regarded as positive, irrespective of the intensity of stain, the contribution of imaging to removal of subjective bias is less important for Ki67 than with some markers (eg, ER, HER2). As noted above, the loss of integrity of the interior of nuclear material may make the selection of positive nuclei more difficult for some image analysis systems.
Data Handling
Ki67 measurements generally follow a log-normal distribution [eg, see Jones et al. (15) ]. Summary statistics and comparative analytical methods should be based on log-transformed Ki67 data, or alternatively on nonparametric methods.
Methods to develop cut points to distinguish positive from negative or high from low tumor marker results have been widely discussed in the literature (53) . For IHC of Ki67, many cutoffs have been used, although staining levels of 10%-20% have been the most common to dichotomize populations (54) . However, without standardization of methodology, these cutoffs have limited value outside of the studies from which they were derived and the centers that performed them. This issue is also context related: A threshold that is appropriate for determination of prognosis may not pertain to one that is used for eligibility for a neoadjuvant trial or for use of Ki67 as a pharmacodynamic marker. Currently, in the absence of harmonized methodology, the International Ki67 in Breast Cancer Working Group was unable, therefore, to come to consensus regarding the ideal cut point(s) that might be used in clinical practice. Variable levels of Ki67 staining in breast cancer. Tumor biopsies were fixed in neutral buffered formalin and sections stained for Ki67 with MIB1 antibody (brown stain) and counterstained with Mayer's hematoxylin (blue stain). The two areas circled in red are shown at higher magnification to illustrate the differences in scores that can occur in different high-power fields. The average score across the whole section should be taken. The micrograph was taken using Aperio ScanScope image analyzer (Aperio, Vista, CA). Scale bar = 100 µm and scale bar of inset = 50 µm.
Conclusion and Recommendations
Overall, the International Ki67 in Breast Cancer Working Group concluded that measures of proliferation could be important both in standard clinical practice and, particularly, within clinical trials. Of these, Ki67, as assessed by IHC with monoclonal antibody MIB1, has the largest body of literature support. Although preanalytical and analytical issues affect its measurement Ki67 is one of the most robust biomarkers measured by IHC, showing relatively consistent measurements in specimens across a range of conditions used in routine fixation, tissue processing, and IHC analysis. Scoring procedures however vary at present, and their lack of standardization for different types of specimens (eg, core-cuts vs whole-tumor sections vs TMAs) is problematic. Perhaps, equally importantly no established quality assurance schemes are in place to ensure that the procedures for Ki67 analysis in one laboratory lead to scores comparable to those in others. Thus, the direct application of specific cutoffs for decision making must be considered unreliable unless analyses are conducted in a highly experienced laboratory with its own reference data. The same issues prohibit comparisons of Ki67 data between clinical trials.
To drive forward harmonization, we have initiated a pilot between-laboratory quality assessment schemes. We aim to extend these to all interested researchers and also to create TMAs with consensus scores that can be used for standardization by those new to the field to standardize their procedures. We also propose that access to large tissue collections from adjuvant trials should be welcomed for Ki67 analysis when such analysis applies these standardization and quality assurance (ie, QA) materials and adheres to the recommendations in this report. Further studies of scoring methodology are also underway, and data from these will be published. The results of these initiatives may lead to some future clarifications in our recommendations, which are presented below (Box 1).
Box 1. Recommendations for Ki67 assessment in breast cancer

Preanalytical
• Core-cut biopsies and whole sections from excision biopsies are acceptable specimens; when comparative scores are to be made, it is preferable to use the same type for both samples (eg, in presurgical studies).
• TMAs are acceptable for clinical trial evaluation or epidemiological studies of Ki67.
• Fixation in neutral buffered formalin should follow the same guidelines as published for steroid receptors (39, 40) .
• Once prepared, tissue sections should not be stored at room temperature for longer than 14 days. Results after longer storage must be viewed with caution.
Analytical
• Known positive and negative controls should be included in all batches; positive nuclei of nonmalignant cells and with mitotic figures provide evidence of the quality of an individual section.
• Antigen retrieval procedures are required. The best evidence supports the use of heat-induced retrieval most frequently by microwave processing.
• The MIB1 antibody is currently endorsed for Ki67.
Interpretation and scoring
• In full sections, at least three high-power (×40 objective) fields should be selected to represent the spectrum of staining seen on initial overview of the whole section.
• For the purpose of prognostic evaluation, the invasive edge of the tumor should be scored.
• If pharmacodynamic comparisons must be between core cuts and sections from the excision, assessment of the latter should be across the whole tumor.
• If there are clear hot spots, data from these should be included in the overall score.
• Only nuclear staining is considered positive. Staining intensity is not relevant.
• Scoring should involve the counting of at least 500 malignant invasive cells (and preferably at least 1000 cells) unless a protocol clearly states reasons for fewer being acceptable.
• Image analysis methods for Ki67 remain to be proven for use in clinical practice.
Data handling
• The Ki67 score or index should be expressed as the percentage of positively staining cells among the total number of invasive cells in the area scored.
• Statistical analysis should take account of the log-normal distribution generally followed by Ki67 measurement.
• The most appropriate endpoint in comparative studies of treatment efficacy or response is the percentage suppression of Ki67-positive cells.
• The most appropriate endpoint for assessing residual risk of recurrence is the on-treatment proportion of Ki67-positive cells.
• Cut points for prognosis, prediction, and monitoring should only be applied if the results from local practice have been validated against those in studies that have defined the cutoff for the intended use of the Ki67 result.
